Abstract-The application of HID lamps in automobiles is gaining popularity owing to the color of the light as well as high lumen/watt ratio from the lamp. In the present paper a voltage multiplier integrated with the secondary winding of the DC converter transformer generates the required voltage to be applied to the igniter. The proposed method not only eliminates one auxiliary winding but also reduces the voltage across the switch on the primary side and consequently the rating of the switch is reduced. The use of triple insulated wire on an RM core in the design of the high voltage igniter is also presented in the paper. A brief review of the HID circuits is done and compared with the proposed circuit. Experimental results from the prototype are presented.
I. INTRODUCTION
HID lamps render almost white light and have better lumen to watt ratio than the halogen lamps. Paper [1] proposes a new chip to control the HID lamp. The chip incorporates a temperature compensation feature to modulate the light output so as to comply with the SAE J2009 standard, In paper [2] , a dc-ac class E resonant converter is employed to achieve soft switching, however the maximum peak current of the switch is about 2.8 times the peak input current. In paper [3] , a flyback converter with two winding transformer is employed to generate the high voltage for the igniter. The second winding mainly works during start-up to apply the voltage to a spark gap. The two winding transformer reduces the dc link voltage by half and thereby permits the selection of low rating switches. Paper [4] proposes a method in which the voltage doubler is connected on the inverter side and thereby eliminates the auxiliary winding as in [3] . In paper [5] , the requirements of an HID igniter are presented and a new design procedure is presented to reduce the overall dimension of the igniter transformer.
In the present work, a new circuit is presented to drive the HID lamp. A multiplier circuit is connected on the dc converter side to obtain the required voltage to apply for the spark gap. The use of voltage multiplier actually lowers the voltage level across the dc converter and thereby permits the selection of components with lower ratings when compared to the circuits in [3 & 4] . The present paper discusses the use of high voltage triple insulated wire in the design of the igniter on an RM core. The solenoid is the usual option in designing the high voltage igniter and the windings consists of windings with a turns ratio of 1:150 using magnet wires. As the number of turns of the secondary is very large, the secondary consists of many layers with proper insulation provided by 5 layers of tapes between the windings [4] . In addition to this the solenoid must be housed in a package to minimize the EMI problem. In order to improve the reliability of the transformer, the igniter used in the present work is wound with triple insulated wire having a breakdown voltage of 10 kV on an RM core. The core does not present EMI problem as the fluxes are confined within the core and helps in lowering the turns ratio.
A brief review of the HID ballast circuits is presented in section II, operation of the new circuit along with the new ignition transformer is discussed in III, and experimental results are presented in IV followed by concluding remarks.
II. REVIEW OF HID BALLAST CIRCUITS
A. Components ofa typical HID ballast circuit 1) DC-DC Converter
The dc-dc converter applies the necessary high voltage at the igniter in order to initiate a spark across the lamp electrodes and then controls the power fed to the lamp upon ignition. Flyback, Sepic and resonant converters are some of the topologies which can be used. The flyback converter has the minimum part count but suffers from high peak input current and therefore, an input filter is required to attenuate the noise. The average magnetizing current in the sepic converter is only 5000 of that in a flyback converter resulting in reduction of losses in the transformer.
However, the sepic converter needs additional capacitor and an input inductor compared with the flyback converter.
3) Inverter
The inverter is used to provide an alternating square pulses to the lamp upon ignition. Figure 3 shows the schematic diagram of the circuit containing front-end Sepic dc-dc converter with two secondary windings, a full-bridge inverter circuit and an igniter with spark gap assembly. The capacitors C2 (charged by the main winding) and C3 (charged by the auxiliary winding) charge C6 to about 600 V, which is the breakdown voltage of the spark gap. When the voltage across C6 (which is connected to one end of the spark gap at the point "c") reaches the break down voltage of the spark gap, C6 discharges into the primary of the In a high voltage transformer, the leakage inductance and parasitic output capacitance have to be minimized but any attempt in minimizing one will have an opposite effect on the other and hence the design of the transformer will appear complex for a new designer. A simple method of designing the high voltage transformer is to keep to the fundamentals of magnetics through our intuition i.e. reduce the leakage inductance by winding the primary and secondary such that the area spanned by primary should be complimented by that of secondary. If this condition were to be satisfied with a solenoid, the length of the solenoid has to be very small because of the small winding span of the primary owing to one turn. However, the number of layers for the secondary winding is inversely proportional to the length of the core resulting in higher leakage inductance for cores with smaller lengths. Moreover, the solenoid presents EMI problem as the flux are free to radiate into the surroundings and hence it must be housed in a special package. In order to address all the problems the igniter for this project was designed with a triple insulated wire having 1OkV breakdown voltage is wound on an RM-10 core. The number of turns for the secondary to achieve hot re-strike voltage is just 45 turns as compared to 150 turns with the magnet wire on a solenoid. The secondary has just 2 layers with only one layer of insulation tape separating the two secondary layers. The smaller dimension and high permeability of the RM core resulted in increased coupling leading to high voltage generation with fewer turns.
The equivalent circuit of the igniter using RM core can be represented as shown in the appendix. The experimental results in figure 8 show the voltage across C1 and C2 with the peak values just prior to the ignition are 255V and 345V respectively. Where b = length of the winding
The delta connected network can be converted into star network to determine the magnetizing inductance Lm and the leakage inductances l1 and b2.
The voltage conversion ratio is given as: V2 _ N2 Lt +l V1 N1 Lo
